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A short description Is given of the escpected operational modes 
of WWI terminal equipment immediately following the installation 
of the system in August, 1952o Tiii-s memo supersedes the material 
of M«1514» 



A» Introduction 

The object of this memorandum is to familiarize members of Gtqvd^ 61 
with the operation of that part of the input-output system which will be 
installed in Wlby September 1952* The mem© is also intended for reference 
use by programmers and hence detailed descriptions of the equipment are not 
included* It is expected that detailed descriptions will appesf later as 
separate memos* 

As of this writing^ the exact si addresses corresponding to particular 
pieces of equipment have not been chosen* Thus, no si addresses are indicated 
in the memo 5 a list of these addresses will be distributed after final choices 
have been made« 

A description is given only of those modes of operation which will 
be available subsequent to the initial installation period* In particular, 
material on "block transfers" and the operation of the buffer and a-oatiliary 
magnetic drtams is omitted* The following tinits are discussed? scopes, camera, 
light guns, time register, tape readers, tape punches, printer^ and magnetic 
tape* 



The in-out system consists largely of an in-out switch (lOS), an 
in»out register (IQl), and in-out control (IOC)* The lOS is an electronic 
switch by which the computer selects the desired external unit' and tlie desired 
i^de of operation* lOE acts as temporary storage and a biaf fer between the 
computer and all external units© IOC performs all timing, interlock and control 
functions necessary to proper sequencing of in-out "operatioiiso 



The system will eventually utilize five orderss 

si « select unit and motde of operation (or perform 
special function) 



To be 



re 

rd 



record 



by Septeffilier 
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B© - "block traaisfer out of computer i ^o he iias tailed at 

l3i - block transfer into eofflputero J later date 

Qen$T&lly^ to us© a piece of tea^minal equipment an £l ordes" is 
used to select imit and.modej, and the address of the si order specifies 
the tmit and mode of opera tl on© This is followed 'by one or more ©f tim 
other ahoTe orders to actually transfer informatioEo 

Display oseilloscopes are used to allow Tisiaal olsser^atioji of 
computed results ji and alao to allofw photographic recording of datao Present 
equipment consists of two magnetically-deflected 16** scopes ^ and seTeral 
5"* scopes© 

All scope displays are p@int«by-=p©i3it di splays o Sach poiat t@ 
h® displayed requires sehding an 11-dlgit Isinary X=deflections and an 
ll«digit "binary Y-def lection to digital-to-aaal©g scope "decoderso"* TOie 
process of displaying a point consists of sending hoth a horizontal and 
a Tertical deflection to the scope decoders and of selecting one of sixteen 
** scope intensification lines o" Hote that the "'sixteen scope Intensiflcatioa 
lines^ are not 16 physically different oscilloscopes ^ "but 16 scope lines j) 
,,,a3iy one or^ any eomhination of which may "be jnanually selected at each physical 
scope imito 

A single point display is ascoMplished hy performing asi j!_^ order 
followed (sometime later) "by an re, orders 

si - select proper scope line 

<=• ti^nsfer left-most 11 digits of AC (X^def lection) t@ 
horizontal decoder 

re •=- transfer left<»ffiost 11 digits of AC (I-deflecti@n) to 
vertical decoder (address section of the re has no 
significanc©) 
<=- start intensify processo 

In order to select a new scope line^ ©r change the horizontal 
deflection of a salj^cted scopes, another g^ order is neededo If ^ howeTerg 
it is desired to display a vertical array of dots on a particular selected 
scope (eogog a y^-axis)^ a single si, order may "be followed "by several r© 
orders merely to change the vertical deflection and intensify a sew spoto 
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Hi© scopes are aornsally cali^brated as follows? 
1) x=^ 0, y = 

5) x^ 1=='2'^^^, j^ »i42"^^^ 

f® dlsplay"'a"poi3at:at x ~ i/g^ y == 1/2 (marked "by ^'X" la aT3©Te pictm^) 
the f©ll@wiEg progssun laay Tse -aseds 

Prg^am CoMlaii 

Aol ca Bol Bol 1/2 

Ao3 re 

fli® address ®f tke gi. ©rder selects the proper seope intensifieati@m lim®» 




fhe computer does not wait for completion of scope deflection 
aad Intensification* an interlock is present to pmt tiie computer in stop 
©lock if any other in-out order is attempted hefore a previous scope ^perati@i. 
is complete o 

Cameras are availahle for ©htaining photograpliic records ©f se@p^ 
displays o fhe availahle equipment ist 

1) €k.e PolarMd land Camera^ suitahl® for immediat® pietmi®!! 
©a the 5®. scope o fhis eamera is i8amim3J.y opera tet,jaffi,i.i® 
not actiaallt part of ^WI terminal eqmipi^mt<, Itm -^germtlsa 
#111 not he discussed® 

2) One i^irehild 35 mmo camera^ suitahle for either a 

IS** scope or a 5^ seepe^ and arranged for either 
operation ©r operation hy a e©S5)uter ®rdero 

Iheia the I^is^hild csamera has heea s®t up ®n th® ^e©p®j. with 
th©' aperture setting imde, the actual sequence ©f eTents (whether %y 

pushMt-tei @r hy ©oi^uter ®rd@r) may "lak^rftwo paths r 
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jt) If the slmtter is originally in the closed positiosj, 
the index operation is as follows? 

Open shutter 
Close shutter 



% ) If the shutter is originally in the open position^ th® 
index operation is as follovs^ 

Close shutter 
Index film 
0|>en shutter 

fhs index cycle will he entirely performed (computer co®ti&®l) 
^y oae fi. order 6 The si address will select camera and initiate the cycle* 

A coBsplete indexing takes ahout 1/5 second. An interlock is uset 
so that no additional in-out order can he performed imtil the camera operation 
has heen cos^letedo 

Bo light Guns 

The "light gun" is a device for indicating to the computer wM©h 
of many displayed points is most interesting to the htunan opera tore It 
is expected that eTentiaally several (up to 15) physical light gone will h@ 
availahle* 

During a scope display of a point j, hy aa si. and a tc order g, the 
lOE is cleared hy the ^ orders Each light gun will he eleeferically tied. 
to a different digit of lOR and to the sign digit (operation of the li^t 
gan will place a 1 digit in the associated lOS position as wbII as the «iga 
digit) and if an M order is then perf ormed^ the contents of 101 will he 
trmisf erred to AC where the progreimmer may do with it as he wishes* This 
is the only case where an rd follows an i^ without an intervening gi orders 

The sequence is as follows? 

display point and 

lOa cleared 

Light gun iirput(s) t© lOE 

rd •- transfers I OH to AG and redisplays (the adir®#® 
section of the M has no significant^)* 
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^o Tim Hegi^isr {f^ 

The ** clock" or ''time register* allows the use^ by compTiter programs ^ 
of increments of real time,, Tiie clock counts l/4 second inter-mls from G 
to 8192 seconds, and then starts ovet'o Note that this time is not directly 
tied in any way to any standard time and thus may only "be used to meastir© 
time increments o 

A 16~digit flip-flop register (using only 15 digits) is used 
to count 1/4 second pulses o These pulses are generated by use of a small 
synchronous clock motor* {ThlB motor drives a disk through which light is 
passed at 1/4 second interrals^ to be picked -cgp by a photocell jj ajsplifiet, 
and counted in the flip-flop register*) 

The presently existing time register will not be tied into the 
new in^out systemo Its tie^ as described below j will remain non-»tandard 
imtil such time as a new time register is designed and built* 

The Time Register may be substituted for any toggle switch registei* 
of Test Storage (TS) in much the same way that the five flip«fl©p registers 
may be substituted for any register of TS© This is accomplished Ig? connecting 
a video cable to the appropriate jack of computer panel 06 and changing the 
associated toggle switeh« 

In use, the contents of TR are made available at the address mf 

the register of TS to which TR was attached* The TR may be interrogated 

by con^uter orders suc^ as ca^ ad^ cg^ |^ dVj etc^t information may not 

be transferred into itV The order which interrogates TR mnxst itself "be 

in electrostatic storage** The TR may also be interrogated when the coiaput^* 

is in IPBo However^ if the computer is restarted from the manual condition 

on T3P4 or TPS^ and the next TP6 interrogates TR^ an incorrect answer may insult, 

Since the interrogation is by a normal computer order, the tiiw 
required is just the normal time for an order in ES whose address refers 

to TS« 

G-o Paiaer Tape 



Bqpipn^nt will consist of ®ae IRA. Photoelectric reader and on© 
Wh&smmsit^T electromechaaical reader* 

.2^^ ^neraL Operation 

The input tape system will be more flexible un,der the new systi 
and will have three main modes of operation? 
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a) Jirs^ one may decide to operate in a line-by-line mode 
using the Flexowriter reader*, In tliis mode single nnits 
of information are read in, and the reader physically 
stops after ^ch line of tape» In this mode a nnit of 
information is one six-digit line of tape* 

h) Second^ one may select a fre^-ronning mode using the 2SSA, 
reader g in which case the reader "rdns freely and feeds 
information from tape to the computer* For this mode^ 
hoveTer, two sub-modes are available s 

1» 4 unit of information is equal to on© six- 
line of tape ( normal )o 

2o A unit of information is equal to one wprdy> 
or 4 four«^tgit lines of tape» This is a 
new mode, called ^^automatie sexadecimal^^ 
in which the in-out system assembles four 
lines of tape into a sixteen-digit w®rd. 
before transxerring it into the coarputer 
proper as a sin^e unit of infoimation» 

The lOH shifts to the left and therefore characters are read out of 
the left-hand six digits in recording, and into the righij«hand six digits 
when readingo In the automatic sexadecimal mode, four six-digit characters 
are read in but oalyflmr shifts take place between characters <> Thusj 
information must be stored on tape only in the four least significant digits 
of each line, or the two r^oaining positions must hare tli& eerrect redund^it 
Information » lither of thd following arrangements will operate correctly© 
(X's indicate either ^is' 1 permissible^) 



OOMOP 
OOltJKL 
OOBF&H 
XXASCB 



OE 



KLMQP 
CIIJKL 




XXAjBGD 
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3o Specific Opera tioia 

In the following discussion of the reading modes » it shotild he 
noted that for each different mode of operation the address section of th» 
si order is different <► 

Shown helow is the programming necessary ^^^ utilizing s 
line«=hy-line mode and a free-running modeo ITote that each ^ order "brings 
one imit of information into AG« Using a line»"by=line mode (Ilexowrit©r)« 

si - select 

rd «=* read one ■onit into A0 

si « select 

rd « read one tmit into AC 

si « select 

rd •= read one unit into AC 

Using a free^ronning mode (ERA) g 

si - select 

rd <« read one nnit into AC 

Ti, ^ read pne -unit into AC 

Td. «• read one -unit into AC 

rd « read one nnit into AG 

rd •= read one unit into AC 

si - stop 

In this freepronning mode^ the rd orders mast he spaced less than 7 ms 
apart in time* In a free^ronning mode^ if information arrives hefore the 
con^juter is ready to accept it (^ order) ^ a program alarm will resnlt© 

With the BHA. reader, depending vs^on the address of the si order^ 
a fttmlt of information" may he either one line of tape (6 digits) or 4 lines 
of tape (using only the 4 least significant digit positions of each lin® 
®f tape)o' fhi© permits automatic assemhly of 4 lines of tap® imt® a IS^digit wmi.i 

In an'&ites^t to sumsiarize^ a list is presented of the three 
csomhinations which may he selected hy the si. order for tape read^r^s 
(In this list symholic addresses haT© "been given to the §± ©rd@rs in ©rd©r 
to show ^ich §1 orders are the same and which ai® dlfferento) 
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Van 
Seleeted 


Line-^by'^litte 


F3?ee<=»raimiag 


Information 
unit is one 
line 


Information 
xmit is 
f OTir lines 


Program 


ilexe 


X 




X 




si r^ seleet 
rd 1 llne-^AC 
si r- select 
rd 1 line-^A6 










:' 


si afg select 

rd 1 lia®--4.Aa 






Z 


X 




rd 1 line— ^AC 


SBA. 










rd 1 line— ^AO 
si Tg stop 










si r. select 




■■»■■ 








rd 1 word~^AI5 












rd 1 word— ^AC§ 


- 




X 




X 


rd 1 w©s#-~4AS 
si rg stop 



R> lifeeirgiti^jfl^^^ Papipr Pffl^che^ 

typewriters and paper pwiclies will "be availa"ble to allow the cogpite?' 
to print or pimch da.ta» The eq^uipment availaMe will "be two FLexowriter 
printers (new code) and two ilexowriter ptincheso 

Xach character to he printed or pimched requires that the coispmter 
send one six<=>digit hlnary character to the output tmit« If punching has 
heen selected^ the holes punched in tape will haTe a one^td^^a® .correspondence 
to the six digits tramsferredo If printing is selected^ the six digits 
are decoded according to the new Flexowriter code^) (this code was chosen 
somewhat arbitrarily and huilt into the Ilexowriter equipaient hy th® 
manufacturer), and the corresponding character will he printed* fhus^ if 
punching^ any- six digits are permissihle (64 combinations)! when printing^ 
these six digits must form one of ahout 50 arbitrary code characters^ 
(If an tmaccep table character is attempted, the cos^uter will not hang^^^j, 
sjsd a short delay is the only result*) 
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fhs transfer ®f sixc=?digit "binary characters from tlie coioputer to 
the external -units will he performed one character at a times 

si <» select miit (If punching^ also decides if ?th hol« is 
to he ptmched or not) 



some time 

later 
some time 

lat«r 
some time 

Ifttes> 

some tine 

later 



r© « print or ptmch one character from AC (six left-hand digits) 
r© =- print or ptjndti one character from AC (six left-»haad digits) 
sc - print or punch one charactefr fr&ai AS {»ix lef-|«-haad digits) 
r© ~ print or pimch one character froii AC (six leflMpad digitm) 



An exfti^ls of printing Jypst® 1952 wi.ll he given t® illustrate thj» 



seqnences 


















Program 
















Aol 


si 


«=^ . 


Bol 


10 


X 2^^^ 


sa 


-^22 X 2°^ 


shift doim 


Ao2 


C8 


Ba 


Bo2 





X2-^S 


M 


22 X 2°^ 


J 


Ao3 


ts 


Bo2 


Bo3 


©a 


Col 


©■03 


-30 X 2"^ 


shift -Egp 


Ao4 


ca 


Bo3 








i*>4 


14 x2'^ 


ta 


Ao5 


ts 


AoB 








S<.5 


24 X 2^ 


m , 


Ao6 


@a 


Col 








Co6 


2 X 2°* 


4 


A.7 


re 











Go? 


8 x2'^ 


' space 


A.8 


ao 


Ao6 








0^8 


.=4 X 2"^ 


1 


Ao9 


ao 


Bo2 








GoS 


=^1? X 2*^ 


9 


AolO 


ep 

Skd 


Ac# 








GolO 

Coll 


c=l X 2"* 
«=^7 X 2"^ 


5 
2 


An example of 


p-uncMng in 


8-6=4 


forms 












A«l 


si 


cat=«=> 


B^l Cw®rd t@ lb® pimclasS) 








Ao2 


ea 


B»l 














M.aB 


r^ 

















Ao4 


©1 


6 














Ao5 


■r© 

















Ao6 


^1 


6 














^o7 


el 


30 














AoO 


r@ 

















Mi, 
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Hagaetic tapo will %e used $9T storage of tempozaxy restalts^ 
storage of siibprograins^ storage of results to "be printed^ etCa Sguipsoent 
consists nov of one Eaytheon^tmilt magnetic tape assemMsTj, "but it is expected 
tliat fonr such units will be availalslep 

i. rather Gonplete description of ^intexim^s^stem operation is 
available as H»1337o 

lo General Description 

a) Magnetic Tapes are about 800 feet longo 

b) Hormal running speed of 30 inches/secondo It is possible 
to store 100 lines/inEch at maxiimun density recordingo 

e) Six channels are available on tapej, and for reliability they 
are usod in pairs (3 pairs) ^ but only two pairs are used for 
actual information^ with a third being used for a marker channeSo 
fhus? to store a 16 binary digit wordj, re(|uire8 8 lineso 

d) fape may be rxm forward or backward j, all under computer control o 

e) fape can be erased^ and rerecorded, with certain restrictions o 

2o Operation 

The operation of the BfSLgnetic Tape system will be much siiES>ler 
with a new in==0ut system,. The price of this sis?>licity will be a slight 
loss of flexibility© It will be possible to record and read only complete 
16=>digit words o Furthermore ^ although recording and reading will be possible 
in either direction^ it will be somewhat difficult to read in a direction 
opposite to the recording direction© 

The recording sequence for a single block of information will be 



some 



ime 



some tim® 
later 



si <==> select 1 out of 4 units 
« select ta^e direction 

'=- start, unit 

«= record block mark 
re <» i>ecord 16 digits of AC on 8 

r© « record 16 digits of AC on 8 lines -^ tap® 

re = record 16 digits of AG on 8 
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Reading Magnetic Tap© (recorded in the atJOTe maimer) is also don© 
vord^-by-words 

ei « select imit and direction 

« itart tmitj, which rtms -until it finds a ^©ck mark^ 
then sends information to XOE 

rd - re&d one word from 8 lines of tape to AG 

% rd « read one word from 8 lines of tap6 to AG 

rd - read one word from 8 lin®® of tap® to AG 

ii ^ stop 

Since the magnet i© tape is free-nmning -until t©id to stopj^ the 
©oiRpxiter ffl^ast attempt to perform rd orders before new information (the start 
of another word) arrives under the heads* If information arrives before the 
eon^uter is prepared to accept itj, a program alarm is giveno / 



a: 

Signed „ 



^kc^A £ ^y 



f o Hisart 



improved 6 , ^ ^'^^J^^^lM^ 

Colo Wieser 



fH/sars 



